Triose phosphate isomerase (TPI) is responsible for the interconversion of dihydroxyacetone phosphate to glyceraldehyde-3-phosphate in glycolysis. Point mutations in this gene are associated with a glycolytic enzymopathy called TPI deficiency. This study utilizes a Drosophila melanogaster model of TPI deficiency; TPI sugarkill is a mutant allele with a missense mutation (M80T) that causes phenotypes similar to human TPI deficiency. In this study, the redox status of TPI sugarkill flies was examined and manipulated to provide insight into the pathogenesis of this disease. Our data show that TPI sugarkill animals exhibit higher levels of the oxidized forms of NAD + , NADP + and glutathione in an age-dependent manner. Additionally, we demonstrate that mitochondrial redox state is significantly more oxidized in TPI sugarkill animals. We hypothesized that TPI sugarkill animals may be more sensitive to oxidative stress and that this may underlie the progressive nature of disease pathogenesis. The effect of oxidizing and reducing stressors on behavioral phenotypes of the TPI sugarkill animals was tested. As predicted, oxidative stress worsened these phenotypes. Importantly, we discovered that reducing stress improved the behavioral and longevity phenotypes of the mutant organism without having an effect on TPI sugarkill protein levels. Overall, these data suggest that reduced activity of TPI leads to an oxidized redox state in these mutants and that the alleviation of this stress using reducing compounds can improve the mutant phenotypes.
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Introduction
Triose phosphate isomerase (TPI) is responsible for the conversion of dihydroxyacetone phosphate to glyceraldehyde-3-phosphate in glycolysis. Point mutations in TPI are associated with a glycolytic enzymopathy called TPI deficiency in humans (Ahmed et al., 2003; Arya et al., 1997; Celotto et al., 2006; Karg et al., 2000; Olah et al., 2002; Orosz et al., 2001 Orosz et al., , 2006 Schneider et al., 1965) . Individuals with TPI deficiency exhibit age dependent neurodegeneration, hemolytic anemia and susceptibility to infection that ultimately results in a significantly shortened lifespan. A previously identified missense mutation (M80T) in Drosophila melanogaster, referred to as TPI sugarkill , leads to progressive neurodegeneration, shortened lifespan and conditional paralysis resulting from mechanical stress and temperature (Celotto et al., 2006; Hrizo and Palladino, 2010; Seigle et al., 2008) . Data collected on the TPI sugarkill flies suggest that there is similarity between the pathogenesis of TPI deficiency in Drosophila and humans, for example the temperature sensitivity observed in the fly model correlates well with research on human TPI alleles which demonstrated that some TPI deficiency mutations result in heat sensitive enzymes (Chang et al., 1993; Daar et al., 1986; Orosz et al., 2001 ). In addition, the TPI sugarkill allele is fully recessive as has also been observed in humans with TPI alleles that result in TPI deficiency (Celotto et al., 2006) . Furthermore, the TPI sugarkill allele does not result in bioenergetic impairment in the flies, which is consistent with the normal ATP levels observed in TPI deficient patients and in other neurodegenerative Drosophila with mutant TPI alleles (Eber et al., 1991; Gnerer et al., 2006) . Therefore, this TPI sugarkill fly model has been used as an amenable model to study the poorly understood pathology of TPI deficiency.
In addition to the focus on enzyme activity and bioenergetics, previous studies of TPI sugarkill flies demonstrated that the mutant protein is unstable and degraded by the proteasome in a chaperonedependent manner (Hrizo and Palladino, 2010; Seigle et al., 2008) . Increasing TPI sugarkill protein levels results in improvements in the behavioral phenotypes, but the rescue of the mutant phenotypes was incomplete suggesting that other factors may influence the pathogenesis of TPI deficiency in TPI sugarkill animals. One factor commonly observed in pathogenesis of neurodegenerative diseases such as Alzheimer's disease and Parkinson's disease, is oxidative stress (Alberio et al., 2012; Collins and Neafsey, 2012; de la Torre, 2011; Fischer et al., 2012; Guix et al., 2009; Kulic et al., 2011) . In many cases, Neurobiology of Disease 54 (2013) 289-296
